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temperature steaming (e.g., 500° C, 4 hours) resulted in the silicone solution for several minutes and the hexane 
significant loss in activity and a decrease in selectivity was distilled off by high vacuum distillation. The dry 
(Ex. 12). Material steamed at 371° C. (Ex. 1 1) exhibited catalyst was then calcined at V C./min. in nitrogen to 
activity and selectivity commensurate with the un- 538° C. After allowing the sample to cool to room tern- 
steamed material (Ex. 8). 5 perature, the sample was then calcined in air at V 

Importantly, the mildly steamed materials, Ex. 9 C/min. to 538° G and held for 3 hours. The silica- 

(204° C.) and Ex. 10 (316° C.) give 25% conversion at 9 modified catalyst had gained 1.4 wt. %, presumably as 

and 10 WHSV, respectively, while the unsteamed mate- SiC>2. The catalyst was then treated in a similar manner 

rial, Ex. 8, requires 4 WHSV. Thus, low temperature an additional three times with 6.77 grams, 6.82 grams 

steaming gave a 2-3 fold increase in activity. The mate- 10 and 6.78 grams of Dow-550, respectively. The resulting 

rial steamed at high temperature, Ex. 12, required 2 additional weight gains were 3.54 wt % 1.67 wt % and 

WHSV for this conversion level, and thus, was only 1.39 wt. %, respectively, for a total weight gain of about 

half as active as the unsteamed material. 8.23 wt. % after the four silicone treatments. 

AX/TPT Catalytic activity and selectivity were assessed by 

EXAMPLE 13 15 performing an STOP run in an automated unit with 

The catalyst of this Example was prepared via a mul- on-line sampling. Approximately one gram of the modi- 

tiple coating procedure. 5.38 gm of the untreated fied catalyst was loaded into a 0.25 inch diameter, stain- 

HZSM-5/Si02 material with a crystal size of 1.6 mi- less steel tube reactor. The sample was heated to 538" C. 

crons was subjected to three consecutive treatments in 200 cc/min. air at a rate of 2.0° C./min. The catalytic 

with dimethylphenylmethyl polysiioxane (Dow-550) in 20 run was initiated with pure toluene feed at 445° C, 4 

dodecane. For each treatment ca. 1.9 gm of dimethyl- WHSV, 2 H2/HC and 500 psig. A temperature scan 

phenylmethyl polysiioxane (Dow-550) dissolved in 10 showed that the catalyst was active and selective. For 

gm of dodecane served as the impregnation solution. example, at 485° C, with other conditions identical, and 

After each treatment the catalyst was calcined in air at at 22 hours on stream, the catalyst exhibited 88% p- 

5° C./min. to 538° C. and held for 0.5 hr. The total 25 xylene at 32% conversion. At 465° C, with other condi- 

weight gain of the catalyst was approximately 8 wt. %. tions unchanged, the catalyst showed 88% p-xylene at 

The STOP runs were conducted in an automated unit 26% conversion, after seven hours on stream, 

with on-line sampling. Approximately one gram of cata- Upon calcination to regenerate the catalyst, the sam- 

lyst extrudate was loaded into a 0.25 inch diameter, pie produced 91% p-xylene and 30% conversion at 485° 

stainless steel tube reactor. 30 C, 4 WHSV, 2 H2/HC and 500 psig. Thus catalyst 

The catalytic run was initiated with pure toluene feed performance was maintained upon regeneration, 

at 486° C, 4 WHSV, 2 H2/HC and 500 psig. Initially fyampt F 

the catalyst exhibited 89% p-xylene at 30% conversion HAAMrui 

(486° C, 4 WHSV, 2 H2/HC and 500 psig). After 20 To assess the effect of catalyst bulk handling e.g., 

hours on stream, catalyst activity improved slightly to 35 loading, unloading, etc., a sample of the extrudate of 

92% p-xylene at 28% conversion. A WHSV scan at Example 15 was crushed to 14/30 mesh and tested for 

486° C, 2 H2/HC and 500 psig, showed that the catalyst catalytic activity and selectivity. A one-gram sample 

produced very high p-xylene levels at lower conver- was loaded and a catalytic run was performed as de- 

sion. At 8 WHSV, 96% p-xylene was obtained at 21% scribed in Example 15. 

conversion. Thus, the change to a solvent of lower 40 The catalytic run was initiated with pure toluene feed 
volatility appears not to have a detrimental effect on at 445° C, 4 WHSV, 2 H2/HC and 500 psig. A tempera- 
catalyst selectivity. A temperature scan at 4 WHSV, 2 ture scan showed that the catalyst was active and selec- 
H2/HC and 500 psig, showed that high para-selectivity rive. After 8 hours on stream the catalyst exhibited 76% 
(>90%) could be obtained throughout the ca. 80° C. p-xylene at 37% conversion (485° C, 4 WHSV, 2 
temperature range studied. For example, 95% p-xylene 45 H2/HC and 500 psig). After 19 hours on stream the 
was obtained at 23% conversion at 465° C. catalyst exhibited 85% p-xylene at 32% conversion 

FY AXyTPT F 1* < 485 ° C " 6 WHSV ' 2 H 2 /HC 500 P Si ^ 

nXAMri'n 14- Thus, after an equivalent amount of time on stream, 
Following the catalytic run described in Example 13, the crushed extrudate showed approximately the same 
the catalyst was removed from the catalytic unit To 50 activity/selectivity profile as the original modified ma- 
confirm the degree of permanency of the selectivation, terial. These results suggest that physical damage to ex 
the catalyst was regenerated by calcining rapidly in air situ seiectivated catalyst extrudate results in only minor 
at 5° Cymin. to 538° C. in a muffle furnace. After calci- losses (i.e., 3%) in catalyst selectivity; however, some of 
nation, an initial sample, taken during a catalytic run at this loss may be regained with time on stream. 
486* G, 4 WHSV, 2 H2/HC and 500 psig on pure tolu- 55 To assess the permanency of the selectivation and the 
ene feed, showed 86% p-xylene at 24% conversion. effect thereon of the crushing process, the catalyst was 
After several hours on stream catalyst selectivity im- regenerated by air calcination as described in Example 
proved to 90% p-xylene at about 22% conversion. The 15. The catalyst showed 87% p-xylene at 32% conver- 
overall loss in activity of the regenerated catalyst (ca. sion (485° G, 6 WHSV, 2 H2/HC and 500 psig), 
25%) compared to the starting modified catalyst may be 60 roughly equivalent to the selectivity and activity of the 
attributable to possible inadvertent steaming resulting crushed catalyst prior to regeneration. Crushing has 
from the rapid air calcination of the regeneration. apparently no effect on the regeneration behavior of the 



EXAMPLE 15 



multiply-silicone coated catalyst. 

EXAMPLE 17 



To 20.0 grams of untreated HZSM-5/S1O2 having a 65 

crystal size of 1.6 microns was added 3.88 grams of 105.0 grams of untreated HZSM-5/Si02 (1/16 inch 

dimethylphenylmethyl polysiioxane (Dow-550) dis- extrudate dried at 130° C) with a crystal size of 0.2 

solved in 60 cc of hexane. The catalyst was agitated in micron, was added to a soluti n of 10.0 grams dimethyl- 
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paraselectivity of the catalyst was 99.1% at 4% toluene 
conversion, with a TDP rate constant of 249, The o- 
xylene diffusivity was further decreased to 
0.073 X 10 ~ 6 , and the n-hexane sorption was 64 mg/g. 

A comparison of the characteristics of the untreated 
catalyst and the three silicone treated catalysts de- 
scribed in Examples 1-4, is provided below in Table 1. 

TABLE 1 



Characterization of Silicone Treated HZSM-S/SiOi Catalyst 








p-xyl/ 




n-hexane 




Silica 


D/r 2 


xyl 




sorption 


Catalyst 


Treatment 


(%) 


K 


mg/g 


Example 1 


None 


4.7 X 10- 6 


37.0 


167 


69 


(Untreated) 












Example 2 


1 


1.1 x io- 6 


67.3 


226 


68 


Example 3 


2 


0.29 X IO" 6 


92.9 


251 


65 


Example 4 


3 


0.073 X IO" 6 


99.1 


249 


64 
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The results of Examples 1-4 show that multiple sili- 20 
cone coatings applied to a zeolite catalyst significantly 
change the characteristics of the catalyst The triply- 
treated catalyst showed an extremely high para-selec- 
tivity of 99.1% compared to 37.0% for the untreated 
material. It will also be noted that the n-hexane sorption 25 
is similar for all of the Examples 1-4, indicating that the 
silica is deposited substantially exclusively at the crystal 
exterior. Finally, the triply-treated catalyst exhibits 
diffusivity about sixty-five times lower than that of the 
untreated material. This observation corresponds, in a 30 
general way, with the estimated quantity of silica added 
to the catalyst, indicating that silica deposition has in- 
troduced a substantial diffusion barrier. 



EXAMPLE 5 



35 



Catalytic evaluation of selectivated catalyst was con- 
ducted in an automated unit with on-line sampling. One 
gram of the triply-coated material (Example 4) was 
loaded into a 0.25 inch diameter stainless steel tube 
reactor. The sample was heated to 538° C. in 200 40 
cc/nun. air at a heating rate of 2.0° C./min. Pure tolu- 
ene was then introduced at 485° C, 4 WHSV, 2 H2/HC 
and 500 psig. After 20 hours on stream the catalyst 
exhibited 80% p-xylene at 37% conversion. Varying the 
WHSV showed that very high p-xylene selectivities 45 
were possible, e,g., 96% p-xylene at 19% conversion 
with a WHSV of 16. 

To determine the activity/selectivity of the selec- 
tivated catalyst, reactor temperature was varied to ob- 
tain a profile of toluene conversion as a function of 50 
temperature. For example, at 465* C, 4 WHSV, 2 
H2/HC and 500 psig, the catalyst exhibited 93% p- 
xylene at 29% conversion. 



55 



60 



EXAMPLE 6 

To determine the level of permanency of the selecti- 
vation, the used catalyst of Example 5 was air calcined. 
After 24 hours on stream, at 466° C, 4 WHSV, 2 
H2/HC and 500 psig on pure toluene feed, the catalyst 
profile had changed to 93% p-xylene at 30% conver- 
sion. Thus, excellent catalyst performance was main- 
tained after the regeneration. 

EXAMPLE 7 

In order to further examine the properties of the 65 
modified catalyst f Example 5, in situ trim-selectiva- 
tion with 0.1 wt. % dimethylphenylmethyl polysiloxane 
(Dow-550) in toluene was initiated for a four hour per- 



iod (485* C, 4 WHSV, 2H 2 HC and 500 psig). This 
trimming resulted in an increase in para-xylene selectiv- 
ity, i.e., 91% para-xylene at 32% conversion versus 
86% para-xylene at 35% conversion. Continued trim- 
ming under the same reaction conditions resulted in 
very high para-xylene selectivities. 

EXAMPLE 8 

HZSM-5/Si02 with a crystal size of approximately 
1.6 microns was subjected to four consecutive treat- 
ments with dimethylphenylmethyl polysiloxane (Dow- 
550) as described above and illustrated by Examples 
2-4. A sample of this modified material weighing one 
gram was loaded into a 0.25 inch diameter, stainless 
steel tube reactor. The sample was predried at 300° C. 
for several hours. Then a selective toluene dispropor- 
tionation reaction run was initiated using a pure toluene 
feed at 484° C, 4 WHSV, 2 Hj/HC and 500 psig. The 
results are shown below in Table 2. 

EXAMPLE 9 

Several grams of the multiply-coated catalyst de- 
scribed in Example 8 was steamed (100% steam) for 
four hours at 204° C, at 1 atmosphere. Then the activity 
and selectivity of the steamed catalyst were evaluated 
by performing a STDP run as described in Example 8. 
The results are shown in Table 2. 

EXAMPLE 10 

Several grams of the multiply-coated catalyst de- 
scribed in Example 8 was steamed (100% steam) for 
four hours at 316* C, at 1 atmosphere. Then the activity 
and selectivity of the steamed catalyst were evaluated 
by performing a STDP run as described in Example 8. 
The results are shown in Table 2. 

EXAMPLE 11 

Several grams of the multiply-coated catalyst de- 
scribed in Example 8 was steamed (100% steam) for 
four hours at 371° C, at 1 atmosphere. Then the activity 
and selectivity of the steamed catalyst were evaluated 
by performing a STDP run as described in Example 8. 
The results are shown in Table 2. 

EXAMPLE 12 

Several grams of the multiply-coated catalyst de- 
scribed in Example 8 was steamed (100% steam) for 
four hours at 500° C, at 1 atmosphere. Then the activity 
and selectivity of the steamed catalyst were evaluated 
by performing a STDP run as described in Example 8. 

Table 2, below, provides data comparing activity and 
selectivity values for the unsteamed (Example 8) and 
variously steamed (Examples 9-12) multiply-coated 
catalysts. 

TABLE 2 







Para-selectivity 


WHSV needed 






at 25% 


to achieve 






toluene 


25% toluene 


Example 


Catalyst 


conversion 


conversion 


8 


Unsteamed 


86 


4 


9 


Steamed at 204* C 


92 


9 


10 


Steamed at 316* C 


96 


10 


11 


Steamed at 371* C 


87 


3.5 


12 


Steamed at 500* C 


83 


2 



Catalyst samples steamed for four hours at 204* C 
(Ex. 9) or 316° C (Ex. 10) were both more active and 
more selective than unsteamed material, while higher 
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version rates include a reactor inlet temperature of from Also in the Examples, the atmospheric toluene dis- 

about 200° C. to about 600* C, preferably from 350° C. proportionation (TDP) test was performed at 482° C, 1 

to about 540° C; a pressure of from about atmospheric atmosphere, at 4% conversion. The TDP rate constant 

to about 5000 psia, preferably from about 100 to about for the catalyst was obtained under these same condi- 

1000 psia; a WHS V of from about 0. 1 to about 20, pref- 5 tions. 

erably from about 2 to about 10; and a Eh/HC mole EXAMPLE 
ratio of from about 0.1 to about 20, preferably from 

about 2 to about 6. This process may be conducted in The atmospheric TDP test to screen catalyst activity 

either batch or fluid bed operation, with the attendant and selectivity was performed as follows using a sample 

benefits of either operation readily obtainable. The ef- 10 of HZSM-5/Si02 (65% HZSM-5/35% Si0 2 ) with a 

fluent may be separated and distilled to remove the crystal size of 1.6 microns. The untreated sample was 

desired product, i.e., p-xylene, as well as other by-pro- reacted with toluene at atmospheric pressure at 482° C, 

ducts. Alternatively, the Ca fraction may be subjected and the toluene conversion was varied by adjusting the 

to further separation, as in the case of xylenes, subjected toluene WHS V. The para-selectivity of the untreated 

to crystallization or the PAREX process to yield p- 15 catalyst was 37% at 4% toluene conversion, with a 

xylene. TDP rate constant of 167. The o-xylene diffusivity of 

The catalyst may be further modified in order to the untreated catalyst was 4.7 X K)-* 6 , and the n-hexane 

reduce the amount of undesirable by-products, particu- sorption was 69 mg/g. 

larly ethylbenzene. The state of the art is such that the EXAMPLE 2 
reactor effluent from standard toluene disproportion- 20 

ation typically contains about 0.5% ethylbenzene by- To 8.0 grams of the untreated catalyst (Ex. 1) was 

product Upon distillation of the reaction products, the added 1.55 grams of dimethylphenylmethyl polysilox- 

level of ethylbenzene in the Cg fraction often increases ane (Dow-550) dissolved in 40 cc of hexane. The cata- 

to between about 3% and 4%. This level of ethylben- lyst was agitated in the silicone solution for several 
zene is unacceptable for polymer grade p-xylene, since 25 minutes and the hexane was distilled off by high vac- 

ethyibenzene in the p-xylene product, if not removed, uum distillation. After allowing the dry catalyst to cool 

degrades the quality of fibers ultimately produced from to room temperature, the sample was then calcined m 

the p-xylene product. Consequently, ethylbenzene con- air at 1° C./min. to 538° C. and held for 3 hours. The 

tent of the p-xylene product must be kept low. The silica modified catalyst had gained 3.7 wt. %, presum- 
specification for the allowable amount of ethylbenzene 30 ably as Sid. 

in the p-xylene product has been determined by the The atmospheric TDP test was performed on the 

industry to be less than 0.3%. Ethylbenzene can be once-treated catalyst, as described in Example 1. The 

substantially removed by crystallization or by super- para-selectively of the catalyst was 67.3% at 4% tolu- 

fractionation processes. ene conversion, with a TDP rate constant of 226. The 
In order to avoid the need for downstream ethylben- 35 o-xylene diffusivity was decreased to 1.1x10 6 , and 

zene removal, the level of ethylbenzene by-product is the n-hexane sorption was 68 mg/g. 

advantageously reduced by incorporating a hydrogena- EXAMPLE 3 
tion/dehydrogenation function within the catalyst, such 

as by addition of a metal compound such as platinum. To 5.75 grams of the once-treated catalyst (Ex. 2) was 
While platinum is the preferred metal, other metals of 40 added 1.12 grams of dimethylphenylmethyl polysilox- 
Groups IB to VIII of the Periodic Table such as palla- ane (Dow-550) dissolved in 40 cc of hexane. The cata- 
dium, nickel, copper, cobalt, molybdenum, rhodium, lyst was agitated in the silicone solution for several 
ruthenium, silver, gold, mercury, osmium, iron, zinc, minutes and the hexane was distilled off by high vac- 
cadmium, and mixtures thereof, may be utilized. The uum distillation. After allowing the dry catalyst to cool 
metal may be added by cation exchange, in amounts of 45 to room temperature, the sample was then calcined m 
from about 0.001% to about 2%, typically about 05%, air at 1° Cyrnin. to 538° C. and held for 3 hours. The 
For example, a platinum modified catalyst can be pre- silica modified catalyst had gained an additional 5.0 wt. 
pared by first adding the catalyst to a soLution of ammo- %, presumably as Si02. 

mum nitrate in order to convert the catalyst to the am- The atmospheric TDP test was performed on the 
monrum form. The catalyst is subsequently contacted 50 twice-treated catalyst, as described in Example 1. The 

with an aqueous solution of tetraamine platmum(II) paraselectivity of the catalyst was increased to 92.9% at 

nitrate or tetraamine platinum(II) chloride. The catalyst 4% toluene conversion, with a TDP rate constant of 

can then be filtered, washed with water and calcined at 251. The o-xylene diffusivity was lowered to 

temperatures of from about 250" C. to about 500* C. It 0.29 X 10~ 6 , and the n-hexane sorption was 65 mg/g. 

will be appreciated by those skilled in the art that simi- 55 EXAMPLE 4 
lar considerations apply to processes involving alkyl- 

benzenes other than toluene. To 4.18 grains of the twice-treated catalyst (Ex. 3) 

The following non-limiting Examples illustrate the was added 0.81 grams of dimethylphenylmethyl polysi- 

invention in relation to the disproportionation of tolu- loxane (Dow-550) dissolved in 40 cc of hexane. The 
ene as well as in relation to the similar disproportion- 60 catalyst was agitated in the silicone solution for several 

ation of ethylbenzene. minutes and the hexane was distilled off by high vac- 

In the Examples, the o-xylene sorption rate parameter uum distillation. After allowing the dry catalyst to cool 

D</r 2 was measured at 120° C. and 3.8 torr. t room temperature, the sample was then calcined in 

D 0 =difmsivity of o-xylene air at 1° Cymin. to 538° C. and held for 3 hours. The 
r=crystal size 65 silica modified catalyst had gained an additional 0.8 wt. 

D</r 2 =the diffusion rate parameter is a measure of %, presumably as Si02- 

the speed of movement of o-xylene into and out of The atmospheric TDP test was performed n the 

the catalyst crystals twice-treated catalyst, as described in Example 1. The 
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As explained in greater detail herein, the present activity of the amorphous silica-alumina cracking cata- 

invention provides a process for obtaining p-xylene at lyst taken as an alpha of 1 (Rate Constant =0.0 16 

toluene conversions of at least 10%, preferably at least sec- 1 )- The alpha test is described in U.S. Pat. No. 

about 15-25%, with a p-xylene selectivity of greater 3,354,078 and in The Journal of Catalysis, Vol. 4, pp. 

than 85%, preferably at least 90%. 5 522-529 (August 1965); Vol. 6, p. 278 (1966); and Vol. 

The toluene feedstock preferably includes about 50% $1, p> 395 (1980), each incorporated herein by reference 
to 100% toluene, more preferably at least about 80% ^ to ^ description. It is noted that intrinsic rate con- 
toluene. Other compounds such as benzene, xylenes, stants f or man y acid-catalyzed reactions are propor- 
and trimethylbenzene may also be present in the toluene tional t0 ^ ^ ^ value for a particular crystalline 
feedstock without adversely affecting the present in- 10 silicate (see <The Active Site of Acidic Alumi- 

Ve 2£ OD ; , * ^ , t u a ^ • a • nosilicate Catalysts," Nature, Vol. 309, No. 5959, pp. 

The toluene feedstock may also be dried, if desired in 5g9 _ 591 MJune i 98 4). The experimental conditions of 
a manner which will mnuimze moisture entering the ^ ^ uged herein include a constant temperature of 
reaction zone. Numerous methods known in the art are described in detail in 

suitable for drying the toluene charge for the process of 15 TT , , " V 1 *T ooYTi oomTw. 

the invention: These methods include percolation 15 ^Journal of Catal^ Vol. 61, p. 395 (1980). The 
through any suitable desiccant, for example, silica gel, ***** m * e ■ P~* mventlon P^erably has an alpha 
activated alumina, molecular sieves or other suitable ^W^^h^f^^^^ 1 toabout 
substances, or the use of liquid charge dryers. ™f R value of the catalyst may be increased 

Hie catalytic molecular sieves useful in accordance 20 b V the cataJvst Wlth nitnc acid or by 

with the methods of the present invention are prefexa- ™W steaming before preselectivaton. This type of 
bly in the hydrogen form prior to modification, but may steammg is discussed in U.S. Pat. No. 4,326,994. 
be in the ammonium or sodium form. Preferably, the The silica to alumina ratio of the catalysts of the 
catalytic molecular sieve comprises an intermediate invention may be determined by conventional analysis, 
pore-size zeolite such as a ZSM-5, ZSM-11, ZSM-22, 25 This ratio is meant to represent, as closely as possible, 
ZSM-23, or ZSM-35 as discussed above. The catalytic the ratio in the rigid atomic framework of the zeolite 
molecular sieves also preferably have a Constraint crystal and to exclude aluminum in the binder or in 
Index of about 1-12. The details of the method by canonic or other form within the channels. Although 
which Constraint Index is determined are described zeolites with a silica to alumina ratio of up to about 
fully in U.S. Pat No. 4,016,218, incorporated herein by 3Q 10,000 are useful, it is preferred to use zeolites having 
reference. ratios of at least about 20 to about 2000. 

The crystal size of zeolites used herein is preferably For the improved disproportionation process of this 
greater than 0.1 micron. The accurate measurement of invention, the suitable molecular sieve may be em- 
crystal size of zeolite materials is frequently very difii- ployed in combination with a support or binder material 
cult. Microscopy methods, such SEM and TEM, are 35 such as, for example, a porous inorganic oxide support 
often used, but these methods require measurements on 0 r a clay binder. While the preferred binder is silica, 
a large number of crystals and for each crystal mea- other non-acidic binder materials may be employed, 
sured, values may be required in up to three dimensions. generally in the form of dried inorganic oxide gels or 
For ZSM-5 materials described in the examples below, gelatinous precipitates. Suitable clay materials include, 
estimates were made of the effective average crystal ^ by way of example, bentonite and kieselguhr. The rela- 
size by measuring the rate of sorption of 2,2-dimethyl- tj ve proportion of suitable crystalline molecular sieve to 
butane at 90° C. and 60 torr hydrocarbon pressure. The me total composition of catalyst and binder or support 
crystal size is computed by applying the diffusion equa- may be f rom at,^ 30% to about 98% by weight and is 
tion given by J. Crank, "The Mathematics of Diffusion" preferably from about 50% to about 80% by weight of 
Oxford at the Clarendon Press, 1957, pp 52-56, for the ^ composition. The composition may be in the form of 
rate of sorbate uptake by a solid whose diffusion proper- ^ ex trudate, beads or fluidizable microspheres, 
ties can be approximated by a plane sheet model. In Operating conditions employed in the process of the 
addition, the diffusion constant of 2,2^eAylbutane, nt mvention w m a fFect the para-selectivity and 

D, under Jhese conditions is taken to be L5x 10-W toluene conversion. Such conditions include the tem- 
cmVsec. The rehmon between crystal size measured in velocity, molar ratio of the 

microns, d, anddiflusion time measmedin mmutes, to.3, ^ ctants , ^ ^ hydrogen to hydrocarbon mole ratio 
the time required for the uptake of 30% of capacity of It ^ ^ be | n observe 4 that an increased 

Hydrocarbon, is: space velocity (WHS V) can enhance the paraselectivity 

d=00704xtQ.3*. °* *k e mo ^^ e< ^ catalyst in alkylbenzene disproportion- 

55 ation reactions. This characteristic of the modified cata- 
In the present case these measurements have been made lvst ^lows for substantially improved throughput when 
on a computer controlled, thermogravimetric electro- compared to current commercial practices. In addition, 
balance, but there are numerous ways one skilled in the & has Deen observed that the disproportionation process 
art could obtain the data. The larger crystal material may be performed using H 2 as a diluent, thereby dra- 
used herein has a sorption time, to.3, of 497 minutes, 60 matically increasing the cycle length of the catalyst, 
which gives a calculated crystal size of 1.6 microns. The For example, it has been observed that an increase in 
smaller crystal material has a sorption time of 7.8 rain- temperature can increase the activity of the modified 
utes, and a calculated crystal size of 0.20 micron. catalyst. 

The "alpha value" of a catalyst is an approximate A selectivated and steamed catalytic molecular sieve 
indication of the catalytic cracking activity of the cata- 65 may be contacted with a toluene feedstock under condi- 
lyst compared to a standard catalyst, and it gives the tions for effecting vapor-phase disproportionation. Con- 
relative rate constant (rate of normal hexane conversion ditions effective for accomplishing the high para-selec- 
per volume of catalyst per unit time). It is based on the tivity and acceptable toluene disproportionation con- 
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sphere and less than 400 psia, with hydrogen/ethylene 

ratio of 0.5 to 10 to reduce aging of the catalyst. The D 

zeolite described in U.S. Pat No. 4, 1 17,024 has a crystal *o< < • 
size greater than one micron, and is modified as the 

catalyst in U.S. Pat. No. 4,086,287 to attain the sorption 5 n , c i *: ■* j j ^ ^ 

capacity described in U.S. Pat. No. 4,086,287. . t ^ ^oi p^X^ty depends on tte actrv- 

U.S. Pat. No. 4,117,026 to Haag and Olson describes rt * md ^^onfi^actcn^ of the catalyst The 

theproductionofpara^ialkylbenzenesravingalkylsof J"?"* nC ? m TTI lf UU ' 

1 to 4 carbons under conditions which vary according ^ produced m- and o-xylene diffuse out of the zeo- 

to the feed. When the feed includes monoalkyl-sub- 10 hte crystal at a rate that is lower than that of 

stituted benzenes having an alkyl group of 1 to 4 car- meir conversion to xylene <kj), as well as lower than 

bons, olefins of 2 to 15 carbons, or paraffins of 3 to 60 of the P- x y^ne diffusion (Dp/r2) out of the catalyst, 

carbons or mixtures thereof, conversion conditions in- where: 

elude a temperature of 250° C. to 750° C, a pressure of D ™ = diffusion of m-xylene; 

0.1 to 100 atmospheres and a WHSV of 0. 1 to 2000. For 15 D 0 = diffusion of o-xylene; 

the disproportionation of toluene, the conditions in- D p = diffusion of p-xylene; 

elude a temperature of 400° C. to 700* G, a pressure of r= length of diffusion path (crystal size); 

1 to 100 atmospheres and a WHSV of 1-50. When the k=rateof interconversion viaisomerization of xylene 

feed includes olefins of 2 to 15 carbons including cyclic isomers yielding secondary xylene product m- 

olefins, the conversion conditions include a temperature 20 xylene and o-xylene. 

of 300° C. to 700° C, a pressure of I to 100 atmospheres It is desirable to increase the para-selectivity of the 

and a WHSV of 1 to 1000. When the feed includes catalyst. Practically, this involves decreasing the o- and 

paraffins of 3 to 60 carbons, conditions include a tern- mxylene diffusivities such that 

perature of 300° C to 700° C, a pressure of 1 to 100 

atmospheres and a WHSV of 0.1 to 100. However for 25 D 

lower paraffins of 3 to 5 carbons, the temperature fc '>~^~- 

should be above 400° C. When the feed includes mixed 

aromatics such as eAylbenzene and toluen^ and also ^ suchacasethera te of conversion of m- and o-xylenes 

optionally olefins of 2 to 20 carboiis or paraffins of 5 to j & diffusivities of the m- and o- 

25 carbons, conversion conditions include a tempera- 30 _ A \~ y A \* /T _L , . ,~ 

ture of 250' C. to 500° C. and a pressure greater than J*"* M , a ^ * e . pr0 ^° n ° f Ae f ^ ^ ^ d 

200 psia. In the absence of added aromatics, the olefins *\ at » be increased. Those skilled in the 

and higher paraffins are more reactive and require ^appreciate that similar considerations apply to 

lower severity of operation, e.g., a temperature of 250° thediffusmties of other alkylbenzenes. 

C to 600° C, preferably 300° C. to 550° C. 35 ^ mventlon ^so comprises the near regioselective 

In general, therefore, catalytic conversion conditions ^version of toluene to para-xylene by disproportion- 
over a catalyst comprising the modified zeolite include atm S toluene m a reaction stream containing a toluene 
a temperature of from about 100° C. to about 760° C, a feed witfa a selectivated and optionally steamed cata- 
pressure of from about 0.1 atmosphere (bar) to about lytic molecular sieve in the presence ofhydrogen and at 
200 atmospheres (bar), a weight hourly space velocity 40 reaction conditions suitable to provide p-xylene selec- 
of from about 0.08 to about 2000, and a hydrogen/or- tivitv of greater than about 80%, preferably greater 
game, e.g., hydrocarbon compound, mole ratio of from than 90 ^- The production stream may also contain 
0 to about 100. small amounts of o- and m-xylene and trace amounts of 

impurities such as ethylbenzene. 

Toluene Disproportionation 45 As used herein, the term "para-xylene selectivity" 

The present invention is described in detail below in means the proportion of p-xylene, indicated as a per- 
flation to the disproportionation of alkyl-substituted centage, among all of the xylene products, i.e., p-xylene, 
benzenes, such as toluene and ethylbenzene, over a o-xylene, and mxylene. Those skilled in the art will 
multiply-seiectivated and optionally steamed catalyst. appreciate that the relative proximity of the boiling 
Normally a single pass conversion of an alkylbenzene 50 points of these xylene isomers necessitates relatively 
stream results in a product stream which includes dial- expensive separation processes for the isolation of p- 
kylbenzenes having alkyl groups at all locations, i.e., o-, xylene. On the other hand, p-xylene is more readily 
m-, and p-dialkylbenzenes. A catalyst treated in the separated from other components in the product stream 
manner described herein exhibits a desirable decreased such as benzene, toluene, and p-ethyltoluene. 
ortho-dialkylbenzene sorption rate parameter and yields 55 Furthermore, the alkylbenzenes are known to pro- 
a significantly para-selected product from alkylbenzene ceed in reactions which produce unwanted heavier 
disproportionation. For example, diffusion rate con- alkylbenzenes. For example, the xylenes can react to 
stants in toluene disproportionation have been discussed produce unwanted ethylbenzene by the following reac- 
by D. H. Olson and W. O. Haag, "Structure-Selectivity tion: 
Relationship in Xylene Isomerization and Selective 60 

Toluene Disproportionation", Catalytic Materials: Rela- CH3 CH2CH3 
tionship Between Structure and Reactivity, ACS Sympo- 
sium Ser. No. 248 (1984). 

In toluene disproportionation, toluene diffuses into 
the zeolite with a diffusivity Dr. The toluene undergoes 65 
disproportionation to p-, m-, and o-xylene and benzene 

at a total rate constant kn. For high selectivity and CH 3 
catalyst efficiency it is desirable to have 
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The selectivated molecular sieve catalyst, with or ters used during the main time span of the catalytic 
without binder, can show improved selectivity upon cycle. When the desired coke deposition has been ef- 
steaming. Alternatively, excessive steaming can be det- fected, the alkylbenzene feed is continued in contact 
rimental to a selectivated catalyst. with the coke-containing catalyst under conditions of 

The alkylbenzene may be fed simultaneously with a 5 temperature and hydrogen concentration conducive to 
second selectivating agent and hydrogen at reaction disproportionation, with a greatly reduced coking rate, 
conditions until the desired p-dialkylbenzene selectiv- While not wishing to be bound by theory, it is be- 
ity e g., 90%, is attained, whereupon the co-feed of lieved that the advantages of the present invention are 
selectivating agent is discontinued. This co-feeding of in part obtained by rendering acid sites on the external 
selectivating agent with alkylbenzene is termed "trim- 10 surfaces of the catalyst substantially inaccessible to 
seiectivation". Reaction conditions for this in situ trim- reactants, while increasing catalyst tortuosity. Acid 
seiectivation step generally include a temperature of sites existing on the external surface of the catalyst are 
from about 350° C. to about 540° C. and a pressure of believed to isomerize the solution-phase p-xylene back 
from about atmospheric to about 5000 psig. The reac- to an equilibrium level with the other two isomers, 
tion stream is fed to the system at a rate of from about 15 thereby reducing the amount of p-xylene m the xylenes 
0 1 WHSV to about 20 WHSV. Hydrogen may be fed at to only about 24%. By reducing the availability of these 
a hydrogen to hydrocarbon molar ratio of from about acid sites to the solution-phase p-xylene, the relatively 
0 1 to about 20 hign proportion of p-xylene can be maintained. It is 

" The high efficiency para-dialkylbenzene selectivating believed that the high-efficiency, p-xylene selectivating 
agent for trim-selectivation may comprise a silicon 20 agents of the present invention block or otherwise ren- 
cSmpound discussed in greater detail above. For exam- der these external acid sites unavailable to the p-xylene 
pie, organic silicon compounds such as phenylmethyl by chemically modifying said sites, 
silicone, dimethyl silicone, and mixtures thereof are Disproportionation of Alkyl-Substituted Benzenes 
suitable. According to one embodiment of the present r . 

invention, a suicone containing phenylmethylsilicone 25 The modified zeolite catalysts useful in the present 
and dimethylsilicone groups in a ratio of about 1:1 is invention are advantageously used in the conversion of 
co-fed to the system, while the other components, e.g., aromatic compounds to provide diall^l-substituted ben- 
alkylbenzene and hydrogen, are fed in the amounts set zene products which are highly enriched m the para- 
forth above. The high-efficiency para-dialkylbenzene dialkyl substituted benzene isomer. Conversion reac- 
selectivating agent is fed in an amount of from about 30 tions of this type include alkylation, transalkylation and 
0 001 wt % to about 10 wt. % of the alkylbenzene disproportionation of aromatics. Alleviations of aromat- 
according to this preferred embodiment. Depending ics in which the catalysts of the invention can be used 
upon the percentage of selectivating agent used, the are described, for example, in U.S. Pat. Nos. 3,755,483, 
trim-selectivation wiD last for at least one hour, prefera- 4,086,287, 4,117,024 and 4,117,026, which are incorpo- 
bly about 1 to about 48 hours, most preferably less than 35 rated herein by reference. D 

As described in U.S. Pat. No. 3,755,483 to Burress, 
In this scheme the silicon compound will decompose aromatic hydrocarbons such as benzenes, naphthalenes, 
to deposit additional silica to on the catalyst. During the anthracenes and substituted derivatives thereof, e.g., 
seiectivation procedure the para-selectivity of the cata- toluene and xylene, may be alkylated with alkylating 
lyst will be observed to increase further. The silicon- 40 agents such as olefins ethylene, propylene, dodecyiene, 
containing polymer or molecular species may be dis- and formaldehyde, alkyl hahdes, and alkyl alcohols 
solved in toluene or other appropriate aromatic or hy- with 1 to 24 carbons under vapor phase conditions 
drocarbon carrier. including a reactor inlet temperature up to about 482 

Alternatively, the catalyst, prior to contacting with C, with a reactor bed temperature up to about566° C, 
alkylbenzene under disproportionation conditions, may 45 at a pressure of about atmospheric to about 3000 psia, a 
be subjected to trim-selectivation with a thermally de- mole ratio of aromatic/alkylating agent of from about 
composable organic compound at an elevated tempera- 1: 1 to. about 20:1, and a WHSV of 20 to 3000 over ZSM- 
ture in excess of the decomposition temperature of said 12 which is a ZSM-5 type catalyst, 
compound but below the temperature at which crystal- As described in U.S. Pat. No. 4,086,287 to Kaeding et 
Unity of the zeolite is adversely affected Generally, this 50 al., monoalkylbenzenes having alkyls of 1-2 carbons, 
temperature will be less than about 650° C such as toluene and ethylbenzene, may be ethyiated to 

Organic materials, thermally decomposable under the produce a paraethyl derivative, e,g., para-ethyltoluene 
above temperature conditions to provide coke trim- at a temperature of from about 250° C. to about 600 C, 
ming, encompass a wide variety of compounds includ- a pressure of 0.1 atmospheres to 100 atmospheres, a 
ing by way of example, hydrocarbons, such as paraf- 55 weight hourly space velocity (WHSV) of 0.1 to 100, 
finic, cycloparaffinic, olefmic, cycloolefinic and aro- and a ratio of feed/ethylating agent of 1 to 10 over a 
matic; oxygen-containing organic compounds such as catalyst having an acid activity, i.e., alpha, of 2 to 5000, 
alcohols, aldehydes, ethers, ketones and phenols; heter- modified by pre-coking or combining with oxides of 
ocyclics such as furans, thiophenes, pyrroles and pyri- phosphorus, boron or antimony to attain a catalyst with 
dines. Usually, it is contemplated that a thermally de- 60 a xylene sorption capacity greater than 1 g/100 g of 
composable hydrocarbon, such as an alkyl-substituted zeolite and an ortho xylene sorption time for 30% of 
aromatic, will be the source of coke, most preferably said capacity of greater than 10 imnutes, where sorption 
the alkylbenzene being subjected to disproportionation capacity and sorption time are measured at 120 C. and 
itself In the latter case, the alkylbenzene is initially a xylen pressure f 4.5±0.8 mm of mercury, 
brought into contact with the catalyst under conditions 65 U.S. Pat No. 4,1 17,024 to Kaeding describes a pro- 
of temperature and hydrogen concentration amenable cess for the ethylation of toluene or ethylbenzene to 
to rapid coke formation. Typically, coke trinuning is produce pethyltoluene at a temperature of 350 C. to 
conducted at conditions outside the operating parame- 550° C, a critical pressure of greater than one atmo- 
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at least an hour to enhance activity by raising the alpha. lytic molecular sieve that has been optionally further 

U.S. Pat. No. 4,522,929 describes pre-steaming a fresh modified by steaming at moderate temperatures and 

zeolite catalyst so that the alpha activity first rises then that has been further modified by in situ trim-selectivat- 

falls to the level of the fresh unsteamed catalyst, pro- ing the modified catalytic molecular sieve. The in situ 

ducing a stable catalyst which may be used in xylene 5 trim-selectivating may be performed by coke trim-selec- 

isomerization. U.S. Pat. No. 4,443,554 describes steam- tivating wherein an organic compound is decomposed 

ing inactive zeolites (Na ZSM-5) to increase alpha ac- in the presence of the modified catalytic molecular 

tivity. U.S. Pat. No. 4,487,843 describes contacting a sieve, at conditions suitable for decomposing the or- 

zeolite with steam prior to loading with a Group IIIB garde compound. Alternatively, the trim-selectivating 

metal. 10 may be performed by exposing the modified catalytic 

It has also now been found that a multiple impregna- molecular sieve to a reaction stream that includes a 

tion scheme for zeolite catalyst selectivation followed hydrocarbon to be converted and a trim-selectivating 

by steam treatment produces additional unexpectedly agent selected from a group of compounds including a 

better results than the multiple impregnation treatment large variety of sUicon-containing compounds, at reac- 

alone. It has also been found that the optional steam 15 tion conditions. 

treatment, to be advantageous according to the present Advantageously, the described modified catalysts 
invention, must be performed within a limited range of have enhanced shape selectivity for para-xylene pro- 
conditions, duction. Accordingly, the disproportionation process of 
Accordingly, it is an object of the invention to im- the invention exhibits increased selectivity for para- 
prove selectivity in catalytic molecular sieves thereby 20 xylene and may exhibit an increased toluene dispropor- 
improving shape selectivity in hydrocarbon conversion tionation rate constant. 

processes over the molecular sieves. ntjenDTtrrrAM ™? rmr 

* , • , , , tj DETAILED DESCRIPTION OF THE 

Various organic compounds have been employed as WVTE^ION 

carriers for selectivating agents in the impregnation 

methods applied to zeolite catalysts. For example, U.S. 25 The present invention relates to enhanced shape se- 

Pat Nos. 4,145,315, 4,127,616, 4,090,981 and 4,060,568 lective hydrocarbon conversion reactions, particularly 

describe the use of inter alia Cs_7 alkanes as solvents for the shape selective conversion of toluene to commer- 

impregnation of zeolites with selectivating agents con- cially useful para-xylene. 

taining silicon. The catalytic molecular sieves useful herein have a 
There has been no suggestion, however, of the use of 30 Constraint Index from about 1 to about 12 and include 
lower volatility alkanes as carriers for impregnation of intermediate pore zeolites. Zeolites which conform to 
zeolites. It has now been found that organic carriers of the specified values of constraint index for intermediate 
lower volatility and flammability, having the advan- pore zeolites include ZSM-5, ZSM-11, ZSM-5/ZSM- 11 
tages of ease and safety of industrial application, unex- intermediate, ZSM-12, ZSM-22, ZSM-23, ZSM-35, 
pectedly provide results that are at least substantially 35 ZSM-48, ZSM-50, and ZSM-57. Such zeolites are de- 
equivalent to those achieved by employment of solvents scribed, for example, in U.S. Pat. Nos. 3,702,886 and Re. 
having higher volatility. 29,949, 3,709,979, 3,832,449, 4,046,859, 4,556,447, 
Accordingly, it is another object of the invention to 4,076,842, 4,016,245, 4,229,424, 4,397,827, 4,640,849, 
provide for the use of organic carriers of lower volatil- 4,046,685, 3,308,069 and Re. 28,341, to which reference 
ity and flammability and thereby to improve the ease 40 is made for the details of these zeolites, 
with which silicon impregnation of zeolite catalysts For the process of the present invention, a zeolite, 
may be achieved as well as to improve the safety of such either incorporated with a binder or in unbound form, is 
method. impregnated at least twice, preferably between about 

AW „ _ „ „ two and about six times, with a selectivating agent The 

SUMMARY OF THE INVENTION 45 ^activating agent comprises a compound or polymer 
The invention is a process of shape selective toluene containing a main group or transition metal, preferably 
disproportionation over a modified catalytic molecular silicon. In each phase of the selectivation treatment, the 
sieve by contacting a reaction stream comprising tolu- selectivating agent is deposited on the external surface 
ene, under conversion conditions, with a modified cata- of the catalyst by any suitable method. For example, a 
lytic molecular sieve. The modification method in- 50 selectivating agent, such as a silicon compound, may be 
eludes exposing the catalytic molecular sieve to at least dissolved in a carrier, mixed with the catalyst, and then 
two ex situ selectivation sequences. Each ex situ selecti- dried by evaporation or vacuum distillation. This 
vation sequence includes impregnating the catalytic method is termed "impregnation". The molecular sieve 
molecular sieve with a selectivating agent, followed by may be contacted with the silicon compound at a mo- 
calcination after each impregnation. Selectivating 55 lecular sieve/silicon compound weight ratio of from 
agents useful in the present invention include a large about 100/1 to about 1/100. 

variety of silicon-containing compounds, preferably The silicon compound employed may be in the form 
silicon polymers soluble in organic carriers. Such or- of a solution, an emulsion, a liquid or a gas under the 
ganic carriers include various alkanes, preferably paraf- conditions of contact with a zeolite. The deposited 
fins having 7 or more carbons. 60 silicon compound extensively covers, and resides sub- 
line invention further includes a process of shape stantially exclusively on, the external surface of the 
selective disproportionation of toluene by contacting a molecular sieve. Examples of methods of depositing 
reaction stream comprising toluene, under conversion silicon on the surface of the zeolite are found in U.S. 
conditions, with a modified catalytic molecular sieve Pat Nos. 4,090,981, 4,127,616, 4,465,886 and 4,477,583 
that has been further modified by steaming the modified 65 to Rodewald, which are incorp rated by reference 
catalytic molecular sieve at moderate temperatures. herein. Further examples f the deposition of a silicon 
The invention also includes a process f shape selec- comp und on zeolite surfaces are described in H. 
tive toluene disproportionation over a modified cata- Nakajima, M Koya, H. Ishida, and M. Kohno, Sekiyu 
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SELECTIVE TOLUENE DISPROPORTIONATION -continued 
PROCESS (STOP) WITH EX SITU SELECTIVATED "_ I 



ZEOLITE CATALYST I is^oig ilrag 13.70 s 



V 



para- meta- ortho- 



BACKGROUND OF THE INVENTION Xylene xylene xylene 

(24%) (54%) (22%) 

The present invention is directed to shape selective 

hydrocarbon conversion process over a modified cata- p-Xylene Yield « 100 x ffi5, « 8.2% 
lytic molecular sieve. The invention also relates to a 

modified catalytic molecular sieve and a method for its v , e , . . ^ 15.03 

modification. ^*^ BDB ****** = 100 x -&!" = 24% 

The term "shape-selective catalysis'* describes unex- 
pected catalytic selectivities in zeolites. The principles Various methods are known in the art for increasing 
behind shape selective catalysis have been reviewed - the para-selectivity of zeolite catalysts. One such 
extensively, e.g., by N. Y. Chen, W. E. Garwood and F. method is to modify the catalyst by treatment with a 
G. Dwyer, "Shape Selective Catalysis in Industrial "selectivating agent". For example, U.S. Pat. Nos. 
Applications," 36, Marcel Dekker, Inc. (1989). Within a 5,173,461, 4,950,835, 4,927,979, 4,465,886, 4,477,583, 
zeolite pore, hydrocarbon conversion reactions such as 4,379,761, 4,145,315, 4,127,616, 4,100,215, 4,090,981, 
paraffin isomerization, olefin skeletal or double bond 2Q 4,060,568 and 3,698,157 disclose specific methods for 
isomerization, oligomerization and aromatic dispropor- contacting a catalyst with a selectivating agent contain- 
tionation, alkylation or transalkylation reactions are ing silicon ("silicon compound"), 
governed by constraints imposed by the channel size. U.S. Pat. No. 4,548,914 describes another modifica- 
Reactant selectivity occurs when a fraction of the feed- tion method involving impregnating catalysts with ox- 
stock is too large to enter the zeolite pores to react; 25 ides that are difficult to reduce, such as those of magne- 
while product selectivity occurs when some of the sium, calcium, and/or phosphorus, followed by treat- 
products cannot leave the zeolite channels. Product ment with water vapor to improve para-selectivity, 
distributions can also be altered by transition state selec- European Patent No. 296,582 describes the modifica- 
tivity in which certain reactions cannot occur because tion of aluminosilicate catalysts by impregnating such 
the reaction transition state is too large to form within 3Q catalysts with phosphorus-containing compounds and 
the zeolite pores or cages. Another type of selectivity further modifying these catalysts by incorporating met- 
results from configurational constraints on diffusion als such as manganese, cobalt, silicon and Group HA 
where the dimensions of the molecule approach that of elements. The patent also describes the modification of 
the zeolite pore system. A small change in the dimen- zeolites with silicon compounds, 
sions of the molecule or the zeolite pore can result in 35 Traditionally, ex situ pre-selectivation of zeolites has 
large diffusion changes leading to different product involved single applications of the selectivating agent, 
distributions. This type of shape selective catalysis is It may be noted, however, that the suggestion of multi- 
demonstrated, for example, in selective toluene dispro- pie treatments was made in U.S. Pat. No. 4,283,306 to 
portionation to p-xylene. Herkes. The Herkes patent discloses the promotion of 
The production of para-xylene is typically performed ^ crystalline silica catalyst by application of an amor- 
by methylation of toluene or by toluene disproportion- phous silica such as ethylorthosilicate. The Herkes pa- 
ation over a catalyst under conversion conditions. Ex- tent contrasts the performance of catalyst treated once 
amples include the reaction of toluene with methanol as with an ethylorthosilicate solution followed by calcina- 
described by Chen et aL, J. Amer. Chem. Sec. 101, 6783 tion against the performance of catalyst treated twice 
(1979), and toluene disproportionation, as described by 45 with ethylorthosilicate and calcined after each treat- 
Pines in "The Chemistry of Catalytic Hydrocarbon ment. The Herkes disclosure shows that the twice- 
Conversions", Academic Press, N.Y., 1981, p. 72. Such treated catalyst is less active and less selective than the 
methods typically result in the production of a mixture once-treated catalyst as measured by methylation of 
including para-xylene, ortho-xylene, and meta-xylene. toluene by methanol, indicating that multiple ex situ 
Expending upon the degree of selectivity of the catalyst 5 q selectivation confers no benefit and in fact reduces a 
for para-xylene (para-selectivity) and the reaction con- catalyst's efficacy in shape-selective reactions, 
drtions, different percentages of para-xylene are ob- There has been no suggestion, however, that the 
tained. The yield, i.e., the amount of xylene produced as selectivation of zeolites by the multiple ex situ impreg- 
a proportion of the feedstock, is also affected by the nation of the zeolites with selectivating agents such as 
catalyst and the reaction conditions. 55 silicon compounds, followed by calcination after each 
The equilibrium reaction for the conversion of tolu- impregnation would improve the selectivity and activ- 
ene to xylene and benzene proceeds as follows: ity of the catalysts. It has now been found that a multi- 
ple impregnation scheme provides unexpectedly better 
2 Moles Toluene = 18427 g results in shape-critical toluene conversions than single 

I 1 60 silicon impregnation pre- treatment schemes. 

7 5 55 g I00 72 g It has also now been found that a multiple impregna- 
tion scheme provides unexpectedly more efficient depo- 

J . sition of the selectivating agent on the catalyst than 



CH3 59% 1 c c c ' schemes empl ying impregnations. 

JL Eg conv. JL JL JL^C 65 Steaming has also been used in the preparation of 

» fQl £ ^ kTI + (Cn + fO) + OT zeolite catalysts to modify the alpha r improve stabfl- 

^ J ^ ity. For example, U.S. Pat. No. 4,559,314 describes 



steaming a zeolite/binder composite at 200°-500° C. for 
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In addition, it has been observed that the disproportionation 
process may be performed using H 2 as a diluent, thereby 
dramatically increasing the cycle length of the catalyst. 

A selectivated and steamed catalytic molecular sieve may 
be contacted with an alkylbenzene feedstock under condi- 5 
tions for effecting vapor-phase disproportionation. Condi- 
tions effective for accomplishing the high para-selectivity 
and acceptable alkylbenzene disproportionation conversion 
rates include a reactor inlet temperature of from about 200° 
C. to about 600° C, preferably from 350° C. to about 540° 
C; a pressure of from about atmospheric to about 5000 psia, 
preferably from about 100 to about 1000 psia; a WHSV of 
from about 0.1 to about 20, preferably from about 2 to about 
10; and a H^/HC mole ratio of from about 0.05 to about 20, 
preferably from about 0.5 to about 6. This process may be 15 
conducted in either batch or fluid bed operation, with the 
attendant benefits of either operation readily obtainable. The 
effluent may be separated and distilled to remove the desired 
product, i.e., the para isomer, as well as other by-products. 
Alternatively, the appropriate fraction may be subjected to 20 
further separation, as in the case of xylenes, subjected to 
crystallization or the PAREX process to yield p-xylene. 

The catalyst may be further modified in order to reduce 
the amount of undesirable by-products, such as, in the case 
of xylenes, ethylbenzene. The state of the art is such that the 2g 
reactor effluent from standard toluene disproportionation 
typically contains about 0.5% ethylbenzene by-product. 
Upon distillation of the reaction products, me level of 
ethylbenzene in the Cs fraction often increases to between 
about 3% and 4%. This level of ethylbenzene is unaccept- 3{J 
able for polymer grade p-xylene since ethylbenzene in the 
p-xylene, if not removed, degrades the quality of fibers 
ultimately produced from the p-xylene product. Conse- 
quently, ethylbenzene content of the p-xylene product must 
be kept low. The specification for the allowable amount of 3g 
ethylbenzene in the p-xylene product has been determined 
by the industry to be less than 0.3%. Ethylbenzene can be 
substantially removed by crystallization or by superfraction- 
ation processes. 

In order to avoid the need for downstream ethylbenzene ^ 
removal, the level of ethylbenzene by-product is advanta- 
geously reduced by incorporating a hydrogenation/dehydro- 
genation function within the catalyst, such as by addition of 
a metal compound such as platinum. While platinum is the 
preferred metal, other metals of Groups IB to Vm of the 45 
Periodic Table such as palladium, nickel, copper, cobalt, 
molybdenum, rhodium, mthenium, silver, gold, mercury, 
osmium, iron, zinc, cadmium, and mixtures thereof, may be 
utilized. The metal may be added by cation exchange, in 
amounts of from about 0.001% to about 2%, typically about 50 
0.5%.. For example, a platinum modified catalyst can be 
prepared by first adding the catalyst to a solution of ammo- 
nium nitrate in order to convert the catalyst to the ammo- 
nium form. Hie catalyst is subsequently contacted with an 
aqueous solution of tetraamine platmum(II) nitrate or tet- 55 
raamine platinum(II) chloride. The catalyst can then be 
filtered, washed with water and calcined at temperatures of 
from about 250° C. to about 500° C. It will be appreciated 
by those skilled in the art that similar considerations apply 
to processes involving alkylbenzenes other than toluene. 6{) 

The following non-limiting Examples illustrate the inven- 
tion in relation to the disproportionations of toluene and 
ethylbenzene. 

Id the examples, the o-xylene sorption rate parameter 
DJi 2 was measured at 120° C and 3.8 torr. 65 
D c =diffusivity of o-xylene 
r=crystal size 



14 

DJt 2 ^ diffusion rate parameter is a 

measure of the speed of movement of o-xylene into and 
out of the catalyst crystals. 

Also in the Examples, the atmospheric toluene dispropor- 
tionation (TOP) test was performed at 482° C, 1 atmo- 
sphere, at 4% conversion. The TDP rate constant for the 
catalyst was obtained under these same conditions. 

EXAMPLE 1 

The atmospheric TDP test to screen catalyst activity and 
selectivity was performed as follows using a sample of 
HZSM- 5/Si0 2 (65% HZSM-5/35% Si0 2 ) with a crystal 
size of 1.6 microns. The untreated sample was reacted with 
toluene at atmospheric pressure at 482° C, and the toluene 
conversion was varied by adjusting the toluene WHSV. The 
para-selectivity of the uncreated catalyst was 37% at 4% 
toluene conversion, with a TDP rate constant of 167. The 
o-xylene diffusivity of the untreated catalyst was 4.7X10" 6 , 
and the n-hexane sorption was 69 mg/g. 

EXAMPLE 2 

To 8.0 grams of the untreated catalyst (Ex. 1) was added 
1.55 grams of dimethylphenylmethyl polysiloxane (Dow- 
550) dissolved in 40 cc of hexane. The catalyst was agitated 
in the silicone solution for several minutes and the hexane 
was distilled off by high vacuum distillation. After allowing 
the dry catalyst to cool to room temperature, the sample was 
then calcined in air at 1° Cirron to 538° C. and held for 3 
hours. The silica modified catalyst had gained 3.7 wt. %, . 
presumably as Si0 2 . 

The atmospheric TDP test was performed on the once- 
treated catalyst, as described in Example 1. The para- 
selectively of the catalyst was 67.3% at 4% toluene conver- 
sion, with a TDP rate constant of 226. The o-xylene 
diffusivity was decreased to 1.1 xlO -6 , and the n-hexane 
sorption was 68 mg/g. 

EXAMPLE 3 

To 5.75 grams of the once-treated catalyst (Ex. 2) was 
added 1.12 grams of dimethylphenylmethyl polysiloxane 
(Dow-550) dissolved in 40 cc of hexane. The catalyst was 
agitated in the silicone solution for several minutes and the 
hexane was distilled off by high vacuum distillation. After 
allowing the dry catalyst to cool to room temperature, the 
sample was then calcined in air at 1° CVmin. to 538° C. and 
held for 3 hours. The silica modified catalyst had gained an 
additional 5.0 wt. %, presumably as Si0 2 . 

The atmospheric TDP test was performed on the twice- 
treated catalyst, as described in Example 1. The para- 
selectivity of the catalyst was increased to 92.9% at 4% 
toluene conversion, with a TDP rate constant of 251. The 
o-xylene diffusivity was lowered to 0 29x1 (T 6 , and the 
n-hexane sorption was 65 mg/g. 

EXAMPLE 4 

To 4.18 grams of the twice-treated catalyst (Ex. 3) was 
added 0.81 grams of dimethylphenylmethyl polysiloxane 
(Dow-550) dissolved in 40 cc of hexane. The catalyst was 
agitated in the silicone solution for several minutes and the 
hexane was distilled off by high vacuum distillation. After 
allowing the dry catalyst to cool to room temperature, the 
sample was then calcined in air at 1° CJmin. to 538° C. and 
held for 3 hours. The silica modified catalyst had gained an 
additional 0.8 wt % presumably as Si0 2 . 
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more readily separated from other components in the prod- 
uct stream such as benzene, monoalkylbenzenes and other 
alkyL-substituted benzenes. 

Furthermore, the dialkylbenzenes are known to proceed in 
reactions which produce unwanted heavier alkylbenzenes. 5 
For example, the xylenes can react to produce unwanted 
ethylbenzenes by the following reaction: 



rf=O.0704xr O3 lJ 



CH2CH3 
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As explained in greater detail herein, the present inven- 
tion provides a process for obtaining p-dialkylbenzenes at 
alkylbenzene conversions of at least 10%, preferably at least 
about 15-25% with a p-dialkylbenzene selectivity of greater 20 
than 85%, preferably at least 90%. 

The alkylbenzene feedstock preferably includes about 
50% to 100% alkylbenzene, more preferably at least about 
80% alkylbenzene. Other compounds such as benzene and 
other alkyl-substituted benzenes may also be present in the 25 
toluene feedstock without adversely affecting the present 
invention. 

The alkylbenzene feedstock may also be dried, if desired, 
in a manner which will minimize moisture entering the 
reaction zone. Numerous methods known in the art are 30 
suitable for drying the alkylbenzene charge for the process 
of the invention. These methods include percolation through 
any suitable desiccant, for example, silica gel, activated 
alumina, molecular sieves or other suitable substances, or 
the use of liquid charge dryers. 35 

The catalytic molecular sieves useful in accordance with 
the methods of the present invention are preferably in the 
hydrogen form, prior to modification, but may be in the 
ammonium or sodium form. Preferably, the catalytic 
molecular sieve comprises an intermediate pore-size zeolite 40 
such as a ZSM-5, ZSM-11, ZSM-22, ZSM-23, or ZSM-35 
as discussed above. The catalytic molecular sieves also 
preferably have a Constraint Index of about 1-12. Hie 
details of the method by which Constraint Index is deter- 
mined are described fully in U.S. Pat. No. 4,016,218, 45 
incorporated herein by reference. 

The crystal size of zeolites used herein is preferably 
greater than 0.1 micron. The accurate measurement of 
crystal size of zeolite materials is frequently very difficult 
Microscopy methods, such SEM and TEM, are often used, 50 
but these methods require measurements on a large number 
of crystals and for each crystal measured, values may be 
required in up to three dimensions. For ZSM-5 materials 
described in the examples below, estimates were made of the 
effective average crystal size by measuring the rate of 55 
sorption of 2,2-dimethylbutane at 90° C. and 60 torr hydro- 
carbon pressure. The crystal size is computed by applying 
the diffusion equation given by J. Crank, "Hie Mathematics 
of Diffusion", Oxford at the Clarendon Press, 1957, pp 
52-56, for the rate of sorbate uptake by a solid whose 60 
diffusion properties can be 15 approximated by a plane sheet 
model. In addition, the diffusion constant of 2,2-dimethylbu- 
tane, D, under these conditions,, is taken to be 1.5xl0~ 14 
cm 2 /sec. The relation between crystal size measured in 
microns, d, and diffusion time measured in minutes, (qj, the 65 
rime required for the uptake of 30% f capacity of hydro- 
carbon, is: 



Ln the present case these measurements have been made on 
a computer controlled, thermogravimetric electrobalance, 
but there are numerous ways one skilled in the art could 
obtain the data. The larger crystal material used herein has 
a sorption time, to. 3 . of 497 minutes, which gives a calcu- 
lated crystal size of 1 .6 microns. Hie smaller crystal material 
has a sorption time of 7.8 minutes, and a calculated crystal 
size of 0.20 micron. 

The "alpha value" of a catalyst is an approximate indi- 
cation of the catalytic cracking activity of the catalyst 
compared to a standard catalyst, and it gives the relative rate 
constant (rate of normal hexane conversion per volume of 
catalyst per unit time). It is based on the activity of the 
amorphous silica-alumina cracking catalyst taken as an 
alpha of 1 (Rate Constant=O.016 sec" 1 ). The alpha test is 
described in U.S. Pat No. 3,354,078 and in The Journal of 
Catalysis, Vol. 4, pp. 522-529 (August 1965); Vol. 6, p. 278 
(1966); and Vol. 61, p. 395 (1980), each incorporated herein 
by reference as to that description. It is noted that intrinsic 
rate constants for many acid-catalyzed reactions are propor- 
tional to the alpha value for a particular crystalline silicate 
catalyst (see "The Active Site of Acidic Aluminosilicate 
Catalysts," Nature, Vol 309, No. 5959, pp. 589-591, 14 June 
1984). The experimental conditions of the test used herein 
include a constant temperature of 538° C. and a variable 
flow rate as described in detail in the Journal of Catalysis, 
Vol. 61, p. 395 (1980). The catalyst in the present invention 
preferably has an alpha value greater than 1, for example, 
from about 1 to about 2000. The alpha value of the catalyst 
may be increased by initially treating the catalyst with nitric 
acid or by mild steaming before pre-selectivation. This type 
of steaming is discussed in U.S. Pat. No. 4,326,994. 

The silica to alumina ratio of the catalysts of the invention 
may be determined by conventional analysis. This ratio is 
meant to represent, as closely as possible, the ratio in the 
rigid atomic framework of the zeolite crystal and to exclude 
aluminum in the binder or in cationic or other form within 
the channels. Although zeolites with a silica to alumina ratio 
of up to about 10,000 are useful, it is preferred to use zeolites 
having ratios of at least about 20 to about 2000. 

For the improved disproportionation process of this 
invention, the suitable molecular sieve may be employed in 
combination with a support or binder material such as, for 
example, a porous inorganic oxide support or a clay binder. 
While the preferred binder is silica, other non-acidic binder 
materials may be employed, generally in the form of dried 
inorganic oxide gels or gelatinous precipitates. Suitable clay 
materials include, by way of example, bentonite and kiesel- 
guhr. The relative proportion of suitable crystalline molecu- 
lar sieve to the total composition of catalyst and binder or 
support may be from about 30% to about 98% by weight and 
is preferably from about 50% to about 80% by weight of the 
composition. The composition may be in the form of an 
extrudate, beads or fluidizable microspheres. 

Operating conditions employed in the process of the 
present invention will affect the para-selectivity and alkyl- 
benzene conversion. Such conditions include the tempera- 
ture, pressure, space velocity, molar ratio of the reactants, 
and the hydrogen to hydrocarbon mole ratio (H 2 /HC). For 
example, it has been observed that an increase in tempera- 
ture can increase the activity of the modified catalyst. It has 
also been observed that an increased space velocity (WHSV) 
can enhance the para-selectivity of the modified catalyst in 
alkylbenzene disproportionation reactions. This characteris- 
tic of the modified catalyst allows for substantially improved 
throughput when compared to current commercial practices. 
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